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Tl - (Foamed) styrene! -modified polyethylene particles prepn. - by suspending polyethylene® resin particles 
and styrene monomer in aq. medium and polymerising in presence of organic peroxide 

AB - Sytrene-modified polyethylene particles are prepd. by suspending polyethylene resin particles and a 
styrenic monomer in an aq. medium, and polymerising the monomer in the presence of monomer(s) 
contg. partly or fully an organic peroxide for forming t-amyloxy radical. Foamed styrene-modified 
polyethylene particles are prepd. by using the polyethylene resin particles impregnated with a foaming 
agent of organic solvent type having a b.pt lower than the softening pt of foamed polystyrene polymer. 
The poyethylene resin comprises at least 60 wt. ethylene unit (e.g., branched low density polyethylene, 
linear low density polyethylene, high density polyethylene, ethyl/propylene copolymer, 
othylene/propylene/butene-1 terpolymer, EVA copolymer, ethylene/acrylio aoid copolymer, 
ethylene/(meth)acrylate ester copolymer, etc.. It is blended opt. with a seeding agent (e.g. Zn- or Al 
stearate, etc.), flame-retarding agent, antioxidant, UV absorber, etc.. The particles have a wt. = 0.1-6mg 
and are formed by strand-cutting, cutting in water or hot-cutting. The styrenic monomer is non-substd. 
styrene or its mixt. with substd. styrene, acrylonitrile, (meth)acrylate ester, maleic anhydride, etc.. 
-ADVANTAGE: 

The initiator controls the graft copolymerisation and enhances the formation of homostyrene polymer. It 

provides styrenically modified foaming polyethylene resin particles capable of foaming in a mould under 

a steam pressure equal to that for conventional foaming polystyrene pa 
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(57) [Claim(s)] 

[Claim 1] The polymerization initiator of a 1.0 - 3.0 weight part is distributed in an aqueous medium to 
the straight chain-like low-density-polyethylene resin particle 100 weight part non-constructed a bridge, 
the vinyl aromatic series monomer 5 - 300 weight parts, and this monomer 100 weight part. After heating 
to the temperature which the polymerization of this monomer does not start substantially and making this 
monomer sink into the inside and the surface of said polyethylene system resin particle, The polymer 
particles which the temperature of the above-mentioned water soil suspension was raised, and 
polymerized this monomer and in which the vinyl aromatic series polymer of 0.05-0.1 micrometer of mean 
particle sizes carried out micro distribution into this polyethylene system resin particle are obtained. The 
manufacture method of the property modification polyethylene system resin foaming fabrication object 
characterized by being filled up with the preliminary foaming particles which the volatile foaming agent 
was made to sink into said polymer particle, were made to foam during a polymerization or after the end 
of a polymerization, and were obtained in a metallic mold, carrying out heating weld, and acquiring a 
foaming fabrication object 

[Claim 2] The manufacture method according to claim 1 that a vinyl aromatic series monomer is a 30 - 
200 weight part to the straight chain-like low-density-polyethylene resin particle 1 00 weight part non- 
constructed a bridge. 

[Claim 3] The manufacture method according to claim 1 or 2 that a polymerization initiator is a 1.1 - 2.0 
weight part to a vinyl aromatic series monomer 100 weight part. 

[Claim 4] The manufacture method according to claim 1 , 2, or 3 that the density of a foaming fabrication 
object is [ a Charpy impact value ] 1.0 or more 19g / above **. 



[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to the manufacture method of the rigid and shock-proof extremely excellent 
property modification polyethylene system resin foaming fabrication object in more detail about the 
manufacture method of the straight chain-like low-density-polyethylene resin foaming fabrication object 
for which a bridge is not constructed [ by which property modification was carried out ]. 
[Description of the Prior Art] 

Generally, the foaming object of polyethylene system resin has the strong point of elasticity being high 
and excelling in oil resistance and shock resistance other than the feature that distorted recuperative 
strength is large, also to repeated stress, and is widely used as important labeling and packaging 
materials. However, preliminary foaming particles, nothing, and this are fabricated for polyethylene system 
resin particles in a model. When acquiring a foaming fabrication object, it is easy to start contraction of 
the preliminary foaming particle or the foaming fabrication object after the fabrication in a model from the 
rigid lowness of polyethylene, and has the demerit in which the acquired foaming fabrication object is soft 
and compressive strength is low. 

How to polymerize by infiltrating a PINIRU aromatic series monomer into polyethylene system resin as 
how to improve such a fault, and to obtain property modification polyethylene system resin preliminary 
foaming particles are a JP,45-32623,B number, 51-46138, 52-10150, 59-3487, etc. It is proposed. 
However, since sinking in and the polymerization to polyethylene system resin of a vinyl aromatic series 
monomer are performed in simultaneous parallel by these methods, There is a problem that this monomer 
of quantity that cannot be disregarded before heterogeneity arises in a polymerization reaction in the 
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i particle surface and Uchibe, and the homogeneity of generation particles is inferior as a result and 
polyethylene system resin sinks in will polymerize as independent particles. 

In order to solve these problems, it is at a JP,58-53003,B number, 58-51009, and 58-51010, When the 
sinking-in polymerization of the polymerization initiator of a 0.01 - 0.8 weight part is carried out to a vinyl 
system monomer and this monomer 100 weight part at polyethylene system resin particles, After 
decomposition of a polymerization initiator infiltrates this 80% or more of monomer at the temperature 
which is not started substantially, the method of polymerizing by raising temperature is indicated. 
According to this method, the homogeneity of generation particles improves and it is indicated by by 
separating a sinking-in process and a polymerization process that the independent polymer of a vinyl 
system monomer does not generate as a matter of fact 

Moreover, although the method of carrying out the sinking-in polymerization of the styrene monomer is 
indicated in the JP,62-59642,A number at high-density polyethylene system resin particles, it is 
necessary to use the bridge-construction-ized particles of 10 to 40% of the rate of a gel part. 
[Problem(s) to be Solved by the Invention] 

The generation particles obtained like the above by carrying out the sinking-in polymerization of the vinyl 
system monomer at polyethylene system resin particles, Although it has the sea island structure which 
vinyl system polymer particles are distributing in the matrix of polyethylene system resin When based on 
said conventional technology, rigidity and shock resistance may not satisfy the foaming fabrication object 
acquired by bridge-construction-izing being required, and the diameter of a distributed particle of a vinyl 
system polymer being large, carrying out preliminary foaming of these generation particles, and carrying 
out hot forming further. 
[Means for Solving the Problem] 

By this invention, it excels in the shock resistance which is the character of polyethylene system resin 
original. And it aims at manufacturing the property modification polyethylene system resin foaming 
fabrication object which improved rigidity. 1.0-3.0 weight part use of the quantity of the polymerization 
initiator which a vinyl aromatic series monomer is polymerized to the straight chain-like low-density- 
polyethylene resin particles non-constructed a bridge, and is sold to them is carried out to this monomer 
100 weight part, and the diameter of a distributed particle of the vinyl aromatic series polymer in 
generation particles is made small. Therefore, the method of manufacturing the cast equipped with the 
outstanding shock resistance and rigidity is offered. 

This invention Namely, the straight chain-like low-density-polyethylene resin particle 100 weight part 
non-constructed a bridge, The polymerization initiator of a 1 .0 - 3.0 weight part is distributed in an 
aqueous medium to the vinyl aromatic series monomer 5 - 300 weight parts, and this monomer 100 
weight part. After heating to the temperature which the polymerization of this monomer does not start 
substantially and making this monomer sink into the inside and the surface of said polyethylene system 
resin particle, The polymer particles which the tempeirature of the above-mentioned water soil 
suspension was raised, and polymerized this monomer and in which the vinyl aromatic series polymer of 
0.05-0.1 micrometer of mean particle sizes carried out micro distribution into this polyethylene system 
resin particle are obtained. The manufacture method of the property modification polyethylene system 
resin preliminary foaming particles characterized by being filled up with the preliminary foaming particles 
which the volatile foaming agent was made to sink into said polymer particle, were made to foam during a 
polymerization or after the end of a polymerization, and were obtained in a metallic mold, carrying out 
heating weld, and acquiring a foaming fabrication object is made into the contents. It is. 
The straight chain-like low density polyethylene for which a bridge is not constructed [ which is used in 
this invention ] has the desirable copolymer of ethylene and an alpha olefin. 1-BUTEN [ for example, ], 1- 
pentene, 1-HEKISEN, 3, and 3-********- 1-BUTEN, 4-******- 1-pentene, 4, and 4-********- 1- 
pentene, 1-OKUTEN, etc. are mentioned as an alpha olefin. Moreover, it is even if it uses together low 
density polyethylene, high-density polyethylene, an ethylene propylene copolymer, an ethylene propylene 
butene-1 copolymer, an ethylene-vinyl acetate copolymer, an ethylene acrylic acid copolymer, ethylene 
VCM/PVC copolymers, and these two sorts or more in a little ranges. It is good. 
As for form, it is desirable that it is in particle states, such as powder and a pellet type. The average 
particle diameter is a range with about 0.05-5 suitablemm. When. the big particles which **** of a foaming 
agent is intense and exceed 5mm when smaller than 0.05mm are used, the distribution at the time of a 
polymerization is difficult, and since the restoration nature at the time of fabrication worsens, it is not 
desirable. 

As the vinyl aromatic series monomer used in this invention, Besides styrene, MECHIRU styrene, 
JIMECHIRU styrene, ethyl styrene, alpha-substitution styrene, such as nucleus substitution styrene, 
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such as iso pro pill styrene and KURORU styrene, and alpha-methylstyrene, etc. Independent or two or 
more sorts of mixtures, Or as for the above-mentioned monomer, a little other copolymerizable 
monomers, for example, acrylonitrile, acrylic ester, methacrylic acid ester, JIBINIRU benzene, and maleic 
acid mono-****, a mixture with JIARUKIRU and others is used. 

the quantity of a vinyl aromatic series monomer receives the straight chain-like low-density- 
polyethylene resin 100 weight part non-constructed a bridge — a 5 - 300 weight part — it. is a 3D - 200 
weight part preferably. If 300 weight parts are exceeded, since a vinyl aromatic series monomer all is not 
uniformly absorbed by this straight chain-like low-density-polyethylene resin but the monomer which is 
not absorbed polymerizes independently, it is not desirable. Moreover, the. straight chain-like low- 
density-polyethylene resin which absorbed the vinyi aromatic series monomer so much results in losing 
character peculiar to straight chain-like low density polyethylene. On the other hand, since [ that under 5 
weight parts of a rigid improvement of straight chain-like low-density-polyethylene resin are enough as a 
vinyl aromatic series monomer ] it is not carried out, it is not desirable. 

As a polymerization initiator used in this invention, what is generally used as an initiator for suspension 
polymerization of a vinyl aromatic series monomer can be used as it is. For example, benzoyl peroxide, 
lauroyl peroxide, t-butyl peroxide, tert-butyl peroxide benzoate, 1, and 1 -screw 3, 3, 5-bird 
MECHIRUSHIKUROHEKISAN, (Tert-butyl peroxide) Organic peroxide, such as t-butyl peroxide 
ISOPUROPIRU carbonate, 2, and 2-bis(tert-butyl peroxide) butane and dicumyl peroxide; they are azo 
compounds, such as azo-isobutyro-dinitrile and azobis dimethylvaleronitrile, etc. these polymerization 
initiators are independent — two or more sorts may be used together and you may use again. The 
polymerization initiator should be oil-soluble nature, make it dissolve .in a vinyl aromatic series monomer, 
or makes a polymerization reaction dissolve trouble in a little dirty solvents, for example, toluene etc., and 
is added in an aqueous medium simultaneous or separately with a vinyl aromatic series monomer, the 
amount of the polymerization initiator used receives a vinyl aromatic series monomer 100 weight part — 
a 1.0 - 3.0 weight part — it is a 1.1 - 2.0 weight part preferably. Shock resistance with a foaming 
fabrication object peculiar to about [ that rigidity is not improved ] and polyethylene system resin with 
which the diameter of a distributed particle of the vinyl aromatic series polymer in the property 
modification polyethylene system resin particles obtained is large, carries out preliminary foaming of this 
particle, carries out hot forming further, and is obtained is spoiled under in 1.0 weight part. Even if it uses 
it exceeding 3.0 weight parts, since the molecular weight of a vinyl aromatic series polymer becomes 
small more than needed, it is not desirable. 

By making the amount of polymerization initiators into a 1.0 - 3.0 weight part, it can be possible to make 
small the diameter of a distributed particle of the vinyl aromatic Series polymer in generation 
polymerization particles, and to maintain at the molecular weight more than fixed, and the rigidity and 
shock resistance of a foaming fabrication object can be raised by leaps and bounds. 
As soil suspension used in this invention, poorly soluble inorganic matters, such as water-soluble polymer 
substance; calcium phosphate, such as polyvinyl alcohol, a poly vinyl pylori boss, and methyl cellulose, 
pyrophoric acid, magnesium, and magnesium oxide, and others are used. 

Sinking in of a vinyl aromatic series monomer is performed under churning by heating under the 
conditions which the polymerization of this monomer does not start substantially. Although the higher 
one of sinking-in temperature is desirable from a point of sinking-in promotion, since the vinyl aromatic 
series monomer before sinking in polymerizes by **** decomposition of a polymerization initiator, proper 
temperature setting is required, the optimal sinking-in temperature which is alike and receives 
preparation vinyl aromatic series single ****** can be set up by making a part for the increase in weight 
after polyethylene system resin of weight known is immersed in a lot of vinyl aromatic series monomers 
for 30 minutes into the amount of saturation sinking in in that temperature, and carrying out what point of 
this measurement under that temperature. About 3 hours is suitable for sinking-in time from 30 minutes. 
After sinking in of a vinyl aromatic series monomer, the temperature of water soil suspension is raised 
again and a vinyl aromatic series monomer is polymerized under churning. Generally under the 
temperature which decomposition of a polymerization initiator fully starts, polymerization time is 3 to 20 
hours. 

It is a thing with the character not to dissolve the generated property modification polyethylene system 
resin particles as a foaming agent used in this invention, or to make it swell slightly, and the thing of gas 
or a liquid is always used by normal pressure. For example, n-propane, n-butane, iso butane, n-pen 
tongue, an iso pen tongue, Resin fellows hydrocarbon, such as a neo pen tongue, n-hexane, and iso 
HEKISAN, Alicycle fellows hydrocarbon, such as cyclo butane and a cyclo pen tongue, and methyl 
chloride, these are independent at halogenated hydrocarbon, such as ethyl chloride, methylene chloride, 
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bird chloro fluoro methane; dichloFo fluoro methane, dichloro difluoromethane, chloro difluoromethane, and 
dichloro tetrafluoro ethane, — or — two or more sorts are mixed It can use. 



You may use like the above whichever of the method of depending the property modification polyethylene 
system resin particles which were obtained by carrying out as a method of carrying out preliminary 
foaming on steam which is well-known technology, and the method proposed in the West German 
publication of patent applications No. 2,107,683, a JP f 56-1344,B number, etc. For example, the method of 
a JP f 56-1344,B number distributes generation particles in an aqueous medium under existence of a 
volatile foaming agent and a suspension in a resisting pressure container. After heating in this state and 
infiltrating a volatile foaming agent into particles, while keeping constant this internal pressure inside a 
resisting pressure container in the state where it heated under the pressurization more than the steam 
pressure of a volatile foaming agent more than the apparent initial softening of these particles, it is water 
about this resisting pressure container to these particles. It emits to a low-pressure area. 
It is filled up in the metallic mold which cannot be sealed although it can be closed down, heating weld is 
carried out, and the preliminary foaming particles which were obtained by carrying out like the above are 
used as a foaming fabrication object. The acquired foaming fabricationobject has with a Charpy impact 
values of 1.0 or more high rigidity and the outstanding shock resistance the forming object density of 
1 9g / above **. 
[Function and Effect] 

[ this invention ] by carrying out 1.0-3.0 weight part use of the polymerization initiator in which the 
straight chain-like low-density-polyethylene resin particles non-constructed a bridge are used, this 
monomer is polymerized to a vinyl aromatic series monomer 100 weight part, and it deals, as mentioned 
above The diameter of a distributed particle of the vinyl aromatic series polymer which exists in the resin 
particles generated after the polymerization is the method which about [ of the diameter of a particle by 
0.05-0.1 micrometer and the conventional method ] 1/10 may be made to carry out micro distribution. It 
is the thing of the level which cannot be attained at all by simple blend with a natural thing. 
The foaming fabrication object acquired by being filled up in the model which cannot be sealed although 
the property modification polyethylene system resin preliminary foaming particles manufactured by this 
invention can be closed, and carrying out hot forming, Compared with the polyethylene system resin 
foaming fabrication object in which property modification was carried out by the conventional vinyl 
aromatic series, it has higher rigidity and the outstanding shock resistance, and is used suitably for shock 
absorbing material, a packaging medium, a container, etc. 
[Example] 

Hereafter, although an example explains in more detail, this invention is not limited to these. 
An example 1-5, comparative example 1-4 It is to the autoclave of content volume 3.5** as a pure water 
400 weight part, the density of 0.93g/cm2, the straight chain-like low-density-polyethylene resin particle 
(product made from Mitsui petrochemistry "ULTZEX 3021 F") 100 weight part for MFR2.1g / 10 minutes, 
and soil suspension. An alpha olefin SURUFON acid soda 0.1 weight part, a tricalcium phosphate 3 weight 
part, Furthermore, what dissolved 1 of quantity shown in 1st table as polymerization initiator, 1 -screw 
(tert-butyl peroxide) 3, 3, and 5-bird MECHIRUSHIKUROHEKISAN in the styrene monomer of the 
quantity shown in the 1 st table was added and agitated, and it was considered as water soil suspension. 
Subsequently, this water soil suspension was held for 1 hour at the styrene monomer and the sinking-in 
temperature of a polymerization initiator which are shown in the 1 st table, and the styrene monomer and 
the polymerization initiator were made to sink in into polyethylene resin particles. 
Next, temperature of this water soil suspension was ****(ed) at 1 15 degrees C, it held at this 
temperature for 4 hours, and the polymerization was completed. 

cooling and taking out resin particles, after pressing fit after cooling and a butane (n-butane 75% and iso 
butane 25%) 30 weight part to 70 degrees C and holding at this temperature for 1 hour — pickling — it 
washed and dried. 

The obtained fizz particles were made to foam in steam, and the metallic mold which has many 
300x170x40mm small holes which cannot be sealed although it can be closed down was filled up, and 
after pouring in steam of the pressure of 1.0 kgf/cm2 from the small hole and heating it for 40 seconds, it 
cooled for 90 seconds and took out. 

The density of the acquired foaming fabrication object, the degree of weld, compressive strength, and a 
Charpy impact value are shown in the 1st table. 

An example 6-8, comparative example 5-7 Until it sets up as the quantity of the above-mentioned 
polymerization initiator and the quantity of a styrene monomer are shown in the 1st table, and it 
completes a polymerization It carried out like the ****** example and the comparative example, and 
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^ after that, it cooled to 60 de^ees C, the dichioro difluoromethane 50 weight part was pressed fit and it 
****(ed) again, and held at 130 degrees C. Subsequently, it foamed by opening the end of a container 
wide, holding internal pressure to 30 kgf/cm2 in N2. The obtained preliminary foaming particles were 
fabricated like the example and the comparative example. The result of having evaluated the physical 
properties of the acquired foaming fabrication object is shown in the 1 st table 
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(**) (1) 50% compressive strength: It measured according to the JIS K 6767 method. 

(2) Charpy impact value: By the 20x30x1 50mm specimen (with no notch), the Charpy examination 
machine was set as the hammer weight of 20kg, 124 hammer angles, and Sepang 90mm, and was 
measured. 

(3) the degree of weld: a forming object — pulling — it judged in the state of destruction of the fracture 
surface when fracturing. 

0 : in less than 10 to 40%**:particle surface exposure, less than 40 to 70%x:particle surface exposure is 
[ particle surface exposure / less than 10%O:particle surface exposure ] 70% or more. 
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